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INTRODUCTION. 
In a previous communication (Lewis) on degeneration granules and 
vacuoles in living fibroblasts of chick embryos cultivated in vitro,  it 
was noted that these granules and vacuoles, as they increase in ~um- 
bet, tend to accumulate about the centriole which is located near one 
side or one end of the nucleus.  Parallel with the accumulation im- 
portant changes occur in this region of the cell.  A clear area, gradu- 
ally increasing in size,  may develop about the centriole.  This area, 
the  centrosphere, may become as  large  or  larger  than  the nucleus 
and is  usually almost entirely free from degeneration granules and 
vacuoles.  The latter  form a  corona about it,  varying in  width in 
different cells according to the number of granules and vacuoles which 
have accumulated. 
Attention was also called to the fact that the mitochondria usually 
become arranged, more or less radially, about the  centriole and  the 
centrosphere, and that they may lie partly in the cytoplasm between 
the granules and vacuoles and partly in the clear peripheral region 
which is free from granules and vacuoles.  In cells in which no dis- 
tinct radial arrangement of the mitochondria about the centrosphere 
was seen and in which the mitochondria were usually in the form of 
short rods and granules, it was almost always noticed that the mito- 
chondria in the cytoplasmic strands between the vacuoles were more 
abundant about the centrosphere than about the nucleus. 
It is  about  the centriole or  centrosphere, not about  the nucleus, 
that th.e granules and vacuoles and  the mitochondria are orientated. 
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In the above type of degeneration vacuolation of the cytoplasm is 
the predominant feature, but in the type considered in the present 
pap.er the enlargement of the centrosphere is the most characteristic 
change.  The two forms of degeneration are not sharply separated 
from one another, and all gradations between them are found in the 
mesenchyme cells.  We are uncertain whether these variations in the 
behavior of the cells  during degeneration are dependent upon a  dif- 
ference in  the  type of mesenchyme cell  or upon differences in  the 
individual cells themselves, combined with differences in the cultural 
environment.  In  cultures  of  the  same  region sometimes one  type 
predominates  and  sometimes  the  other.  The  two  types  may  be 
characterized as follows: 
Vacuolar  Type  (Fig. I).--(1)Extensive vacuolafion  about  the 
centrosphere and finally of the entire cytoplasm.  (2)  Enlarged cen- 
trosphere, usually without a  sharp  border  or medullary zone.  (3) 
Radial arrangement of mitochondria about the centrosphere. 
Giant  Centrosphere Type  (Figs.  3  to  8).--(1)  Slight  or moderate 
vacuolation about the centrosphere.  (2)  Enlarged centrosphere with 
sharp border, centriole, and medullary and cortical zones.  (3)  Con- 
eentric  or  radial  arrangement  of  mitochondria  about  the  centro- 
sphere. 
The term centrosphere is used to designate the peculiar differenti- 
ated region about the centriole.  It corresponds to the centrosphere 
or central body, the aster or astrosphere, of the dividing egg and cell. 
The terminology of this whole central apparatus is in a chaotic state 
and I have tried to select names that will not confuse.  The centriole, 
when present, seems to be always in the form of a .granule; it may 
appear to be single or double, usually the latter.  Often the centro- 
sphere consists of one or more zones which surround the centriole. 
These zones have been designated in various ways by different authors, 
but their significance and homologies are very obscure.  The centro- 
sphere in its most complete form, as seen in the fixed material, con- 
sists  of a  centriole, single or double, immediately surrounded by  a 
clear medullary zone, and beyond this a large cortical zone.  A  granu- 
lar zone, varying in thickness, may sometimes be  seen between the 
medullary and cortical zones.  This, however, is probably more or 
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a part of the central apparatus.  The cortical zone is surrounded by 
an outer granular zone, but this, also, is probably not strictly a part 
of the centrosphere.  Both of the granular zones, inner and outer, 
consist,  for the most part,  of degeneration granules.  The  cortical 
zone may be sharply limited or may continue out into the cytoplasmic 
framework between the vacuoles.  Its exact boundaries in this con- 
dition are difficult to define. 
Distinct astral rays are not seen either in the living or in the fixed 
specimens,  and  they  are  also  absent  in the more normal dividing 
cells.  Since in the fixed material the spindle fibers stand out clearly, 
it is probable that the astral ray fibril substance is either not present 
in these cells or is not laid down in such a manner as to appear, on 
coagulation, as radiating fibers.  Often a  more or less  coarse radia- 
tion of the unvacuolated cytoplasm extends out from the centrosphere 
towards the periphery between the vacuoles, but it does not corre- 
spond to the astral rays. 
The  movements  of  the  vacuoles  and  granules  between  centro- 
sphere and periphery, or ~ce versa, have been described elsewhere in 
considerable detail (Lewis).  The moving granules and vacuoles do 
not penetrate into  the centrosphere but stop  and become collected 
more or less at the periphery.  This peculiar behavior of the granules 
would seem to indicate that the centrosphere is a  semisolid  gel or is 
surrounded by a membrane into which the granules cannot penetrate, 
while outside this is a semifluid'in which granules and vacuoles move 
or are moved about by currents of cytoplasm. 
Chambers  concludes from his  microdissection studies  that  "the 
development of the amphiaster is associated with the formation of 
two semisolid masses within the more fluid egg substance."  Since 
these semisolid masses are probably centrospheres and correspond to 
those of the degenerating cells in the present study, Chambers' work 
lends support to the idea that the enlarged centrospheres of degener- 
ating cells are also  semisolid. 
In the vacuolated type of cells it seems probable that the irregular 
cytoplasmic framework extending out from the centrosphere is also 
of a  semisolid  consistency and  connects  the semisolid  centrosphere 
with a more or less semisolid peripheral layer, and that the vacuoles 
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are produced currents that carry the passive granules back and forth. 
Such currents might result from changes in osmotic conditions, due 
to various metabolic states.  The mitochondria lie in the cytoplasmic 
framework between the vacuoles and are usually more or less radially 
arranged about the centrosphere.  Their movements are different in 
character from those of the granules, as one would expect them to be 
on the theory that they lie in a more solid framework. 
In the type of cells with enlarged eentrospheres, an intervacuolar 
framework is not so apparent, but there is usually concentrated about 
the centrosphere a more deeply staining cytoplasm in which lie mito- 
chondria and granules and vacuoles, while the more peripheral part 
of the cytoplasm stains very lightly or not at all. 
Normal  Mesenchyme Cells in  Tissue  Cultures. 
In fixed  and stained specimens of the first 20 hours most of the 
cells appear normal or nearly so.  The centriole can often be recog- 
nized without difficulty.  It is usually double and lies near the nucleus, 
at the side or at one end, more often at the side.  It maybe near the 
center of one side or towards either end.  Often it lies within an in- 
dentation  of  the  nucleus  which  occasionally is  so  deep  that  the 
double centriole appears to be within the nucleus.  There is little or 
no radial arrangement of  the mitochondria except  such  as  usually 
occurs in multipolar cells in which the long mitochondria extend out 
into  the processes.  There is usually, however, more cytoplasm on 
the side of the nucleus which includes the centriole, and it also ap- 
pears to be denser.  There are always cells in a culture in which one 
cannot determine the centriole with absolute certainty, and others in 
which no structure corresponding to it can be made out.  A few cells 
in cultures incubated for a period of 24 hours show the beg~nnlngs of a 
radial arrangement of the mitochondria and an increase in the num- 
ber of fine granules about the centriole.  The mitochondria are long, 
thread-like, and  often branched.  They never seem to  exhibit any 
definite relation to the nucleus, and only occasionally, as mentioned 
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Degenerating Mesenchyme Cells. 
The three cultures described below have been selected from among 
others in which the enlarged or giant centrosphere type of degenera- 
tion predominates.  The first culture, No. 404,  shows many transi- 
tions between more or less normal cells and those with enlarged cen- 
trospheres, while the second culture, No. 441,  shows,  for  the  most 
part, only cells with" enlarged centrospheres.  The degenerative proc- 
esses have gone still further in No. ~A, in which many of  the  cen- 
trospheres  have  lost  their  centrioles  and  medullary  zones,  and 
granules and vacuoles can be seen in the centrosphere itself. 
Culture 404 (Text-Figs.  1 to 9). 
This culture is from an explant of subcutaneous tissue and muscle 
of the leg of an 8 day chick embryo cultivated in Locke-Lewis solu- 
tion (Locke's solution plus 0.25 per cent dextrose plus  10 to 20 per 
cent chicken bouillon).  The growth was abundant.  After 48 hours 
the  culture was  fixed in Zenker's  fluid,  without acetic acid.  The 
preparation was stained lightly  with iron-hematoxylin. 
Most of the cells  show signs of degeneration but there is little 
vacuolation of the cytoplasm, even where the centrosphere has be- 
come as large  as the nucleus.  Various stages  in the enlargement and 
differentiation of the centrosphere are to be found associated with 
changes in the arrangement of the mitochondria and the accumula- 
tion  of  fine  granules,  probably  degeneration  granules,  about  the 
centriole and  centrosphere.  Degeneration seems, as  a  rule,  to  be 
more advanced near the periphery of the growth than near the explant. 
In a sector of the outer two-thirds of the growth about one-third of 
the cells show large centrospheres, one-third small and medium sized 
ones, and in about one-third of the cells no centrospheres are found. 
The mesenchyme cells are mostly multipolar in character, and such 
as  are usually found in cultures associated with  the outgrowth of 
skeletal muscle. 
In the earlier stages of degeneration there is no accumulation of 
special centrosphere material about  the centriole.  The fine degen- 
eration granules gather more or less about the centriole and the mito- 
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Text-figs.  !  to 9, from Culture 404,  show stages in the development of the 
centrosphere. 
TEXT-FIo.  1.  Accumulation of degeneration granules about the centriole. 
TEXT-FXG. 2.  Appearance of a  clear medullary zone about the centriole with 
a  corona of degeneration granules and radial mitochondria. 
TEXT-FIo. 3.  Beginning cortical zone formation; mitochondria separated from 
the granular zone. 
TEXT-Fro.  4.  The same condition except that the mitochondrla are short and 
thick and concentrated more about the cortical zone. 
TExT-FIo. 5.  Well developed centrosphere with the centriole,  medullary  and 
cortical zones, inner granular zone, and degeneration granules about the cortical 
zone.  The mitochondrla are becoming concentric. 
TEXT-FXG. 6.  Inner  granular  zone  gone.  The  medullary  zone  stains  more 
deeply than the cortical zone. 
TEXT-F16.  7.  The mitochondria are mostly concentric about the centrosphere; 
there is none about the nucleus. 
TEXT-Fro.  8.  The medullary zone is  disintegrating  and  the  centriole  is  not 
visible. 
TExT-Fro. 9.  The medullaxy zone and centriole have disappeared. WAP.~Z~ H.T.~.WIS  281 282  TISSUE CULTURES 
the process goes on there gradually develops about the centriole an 
area  free  from  degeneration  granules,  vacuoles,  and  mitochondria 
(Text-figs. i  to 4).  This clear area never becomes very large and is 
surrounded by a  halo of very fine granules.  It forms, I  think,  the 
medullary zone of the large complete centrosphere.  The mitochon- 
dria,  which  are  arranged more ~or less  radially  about  this  area,  at 
first have  their inner  ends  among the granules  which surround  it. 
There are many points about the clear medullary zone that are still 
obscurc  whether it is fluid or solid, and what its origin is; or whether 
it  is  a  centrlole  vacuole,  pushing  away  the  degeneration granules 
from the centriole as it enlarges.  If it is a  fluid it must have some 
sort of a  limiting membrane.  There is no special reason to suppose 
that it comes from the granules which at an earlier stage closely sur- 
round the centriole.  It develops very much llke a  vacuole about a 
granule but  in  the living  cell it  never takes  up  the neutral red  or 
other vacuolar dyes,  such  as  methylene blue  (Ehrlich)  or brilliant 
cresyl  blue.  The  granules  which  surround  the  periphery  of  the 
medullary zone  obscure its  outline more or less;  later,  when these 
granules disappear,  as in Text-figs. 6  a•d  7,  a  sharp border or thin 
membrane separates it from the cortical zone.  This membrane is not 
always  homogeneous.  The  meduilary  zone  is  often  eccentrically 
placed.  In  the early stages  the medullary zone  does  not  seem  to 
take up the hematoxylin stain, but in later stages, after the granular 
zone  has  disappeared,  the  medullary zoffe is  often  stained  darker 
than the cortical zone.  In what I  judge to be still older stages, the 
medullary zone becomes very obscure or may disappear  altogether. 
Sometimes faint irregular traces  of it  are seen.  The  centriole also 
disappears in these more advanced stages or, at least, fails to stain, 
for no trace of it can be found (Text-figs. 8 and 9). 
The details of the formation of the cortical zone are just as obscure 
as those of the medullary zone.  There is a  gradual accumulation of 
cortical substance  about  the medullary zone  andthe  fine granular 
zone which immediately surrounds it.  The mitochondria seem to be 
pushed  away from the medullary zone  (Text-figs.  3  and 4).  Ulti- 
mately there is formed a  large cortical zone which may give to  the 
centrosphere  a  size  about  that  of  the  nucleus  (Text-figs.  5  to  9). 
The  origin  and  nature  of  this cortical substance are uncertain.  It WAm~EN H. ~WlS  283 
seems probable that it consists of the more or less hypothetical sub- 
stance  known  as  archoplasm,  kinoplasm,  spongioplasm,  etc.,  and 
there is evidence that it has been drawn into the centrosphere from 
the surrounding cytoplasm. 
In the early stages we have seen that the long mitochondria radiate 
from  the  centriole  and  centrosphere  far  out  into  the  cytoplasm. 
Some significant changes take place, more or less parallel with the 
increase in size of the centrosphere.  The mitochondria tend to ac- 
cumulate more and more immediately about  the  enlarging centro- 
sphere and the radial arrangement-gradually gives place to a  more 
or less  concentric arrangement, as  seen.  in Text-figs. 4  to  9.  The 
mitochondria are probably not actively motile bodies but dependent 
upon movements of the cytoplasm.  I picture the stages of the devel- 
opment which takes place somewhat in this order.  There is a draw° 
ing or a flowing in of a certain part of the cytoplasm, presumably the 
archoplasm, to the centrosphere.  This flowing in of the archoplasm 
in  the earlier  stages helps to explain the usual more or less  radial 
arrangement  of  the  mitochondria.  They  are  pulled in,  somewhat 
reluctantly as it were, towards the center, and thus tend to become 
extended out in radial lines.  In the early stages of the process the 
cortical zone is without sharp  boundary and  extends out into  the 
cytoplasm.  There is  evidently some sort  of transformation of the 
archoplasm as it accumulates about the medullary zone.  This may 
be merely a change to a more semisolid consistency or to a condition 
such as would stop the mitochondria at .the periphery and also pre- 
vent the penetration of new granules and vacuoles which acctunulate 
around it.  Finally, most of the archoplasmic material becomes con- 
centrated withln the centrosphere or immediately about it,  and the 
outlying cytoplasm appears to be clear and devoid of granules and 
mitochondria.  The substance that is finally concentrated within the 
centrosphere is  different from that immediately about it  and from 
that in the more peripheral regions of the cell.  The substance imme- 
diately  about  the  centrosphere  is  also  peculiar.  It  contains  the 
mitochondria and granules  and is  itself finely granular  and  stains 
more deeply than the peripheral cytoplasm.  These differences can 
be seen in the living, as well as in the fixed and stained material. 
The  granular  zone is  variable  and  probably  consists  merely  of 
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What might be called an inner granular zone lies between medullary 
and cortical zones; this is not constant and is probably not a part of 
the centrosphere proper. 
In early stages,  as we  have noted, degeneration granules,  which 
take up neutral red in the living cell, accumulate about the centriole. 
It seems probable that the developing medullary zone pushes them 
back from the centfiole.  The gradually enlarging medullary zone is 
always surrounded by a halo, composed at first of fine, later of coarse 
granules.  As the cortical zone develops this halo diminishes.  Some 
of the granules appear to be pushed to the periphery of the gradually 
enlarging  cortical  zone  where  other  newly  formed  granules  have 
been accumulating.  A  few scattered granules are often seen in the- 
cortical zone.  All conditions between a  well marked inner granular 
zone and its complete absence can be found.  In many cells the gran- 
ules disappear ultimately, either dissolving or finding their way to the 
periphery of the cortical zone. 
The  mitochondria, which  are  at  first  long  and  thread-like  and 
often branched,  gradually  break  up  into  short  threads,  rods,  and 
granules which, in turn, may swell up into vesicle and other poly- 
morphic forms.  In general the changes parallel those in the centro- 
sphere, but not always, indicating that the changes are more or less 
independent of  each  other.  It  is  obvious  that  the  mitochondria 
accumulate about the enlarging centrosphere and also that the cen- 
tral ends of many are pushed back from their original position at the 
periphery of the medullary zone to  the enlarging periphery of the 
cortical zone.  The  latter process would also  tend  to  change their 
position from radial to concentric.  Fig. 2 illustrates a  stage in the 
concentration  of  the  archoplasm  about  the  centriole.  This  large, 
flat,  mesothellal-like  cell  consists  of  a  broad,  scarcely  stainable, 
peripheral layer  of  cytoplasm  and  a  more  central,  finely  granular 
area  that  appears  to  be  dosing in  about  the  centrosphere, which 
consists of a  centrlole and small medullary zone. 
Culture  441  (Figs.  3  and  4). 
This culture is from an explant of a piece of a  large blood vessel 
of a  6 day chick embryo in Locke-Lewis solution.  The growth was 
abundant.  It was fixed after 3 days in Zenker's fluid, without acetic WAGON ~r. T  wWIS  285 
acid, and deeply stained in iron-hematoxylin.  Most of the cells show 
large centrospheres that are smaller than the nucleus.  Of 44  cells, 
carefully examined, 7 showed a  cefftrlole, medullary zone, and corti- 
cal zone; 10, medullary and cortical zones, the centriole being doubt- 
ful; 13, only medullary and cortical zones with no trace of a centriole; 
14,  only cortical zone material.  A  few of the cells showed vacuola- 
tlon of the centrosphere.  The centrospheres in these cells are more 
like  those usually pictured as  cancer cell inclusions.  They have a 
light cortical zone and a  deeply sta~'n{ng medullary zone.  There are 
practically no transition stages, as shown in Culture 404. 
The  centrospheres  are  rather  sharply  outlined  except where the 
surrounding denser part of the cytoplasm with its granules, vacuoles, 
and mitochondria obscures  the  edge.  The material of the  centro- 
sphere is also different hi character from the rest of the cytoplasm. 
The latter shows a moderate degree of vacuolation about the centro- 
sphere.  The mitochondria vary from rods and threads to  granules 
and are more or less radially arranged about the centrosphere. 
Culture  444  (Figs.  5  to  8). 
This culture is from an explant of subcutaneous tissue and muscle 
of an 8 day chick embryo in Locke-Lewis solution.  The growth was 
abundant.  It  was  fixed  after 48  hours  in  Zenker's  fluid,  without 
acetic acid, plus a few drops of 2 per cent osmic add.  The prepara- 
tion  was  deeply stained  with  iron-hematoxylln and  counterstained 
with Bordeaux R. 
Most of the cells in the culture show a  small amount of vacuola- 
tion  and  a  large centrosphere which has  reacted in  a  characteristic 
manner to the fixation and staining, so that it has a different texture 
from the rest of the cell cytoplasm.  Many of  these  centrospheres 
have  a  clear-cut margin which defines them  from  the surrounding 
vacuolated cytoplasm, but there is  apparently no visible membrane 
about the centrosphere.  In a count of 100 cells, in 8 the centrosphere 
was larger than the nucleus, in 18 about the same size, in 70 smaller 
than the nucleus, and in 4 cells a  centrosphere was not recognizable. 
The medullary zone and centxiole are either almost invisible or have 
disappeared entirely.  Vacuoles in the centrosphere are frequent, and 
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carefully examined did the centrosphere seem to be entirely free from 
vacuoles.  These  are  usually  at  or  near  the  center  of  the  centro- 
sphere but not symmetrically placed as a rule.  A vacuole within the 
centrosphere, with a  granule lying near its  center,  is often difficult 
or  impossible  to  differentiate from  the  medullary  zone  and  its 
centriole.  Most of the centrospheres also  contain  granules.  These 
are  usually  smaller  than,  but  sometimes as  large  as  mitochondrial 
granules, and in fixed material, stained in the manner described, it is 
impossible to differentiate between them.  In living material,  stained 
with neutral red and Janus black No.  2, mitochondriai granules  are 
rarely  seen within  the  centrospheres.  Granules which take  up  the 
neutral red, however, do occur, and it is probable that the granules 
in these centrospheres are of this type and are to be considered as de- 
generation  products.  There  is  the  possibility  that  some  of  the 
granules may represent centrioles and that a  multiplication of them 
has occurred, such as was found by Heidenhain in certain giant cells. 
The granules are usually most numerous near the center of the cen- 
trosphere and also in that part of it next to the nucleus, as seen in 
Fig.  8.  Sometimes  they  are  arranged  in  a  ring  around  a  central 
clear  area,  possibly the medullary zone  (Fig.  7).  The difficulty or 
impossibility of distinguishing the various types of granules in speci- 
mens stained with iron-hematqxylin should certainly guard one against 
too free speculation as to their true nature.  It is only because I  have 
examined hundreds  of  living  cells  doubly  stained  with  neutral  red 
and Janus black No. 2 or Janus green that I  venture even to suggest 
the nature of the granules. 
The vacuolation of the cytoplasm is, as a  rule, of moderate degree 
only and is  confined, for  the most part,  to  the region immediately 
about the centrosphere.  The thin clear peripheral part of the cyto- 
plasm is usually entirely free from vacuoles as in Fig. 8.  It is about 
the  centrosphere  rather  than  about  the  nucleus  that  the  vacuoles 
are found, as most of the figures show.  " It is not uncommon for the 
vacuoles to extend entirely around the centrosphere, even between it 
and the nucleus.  The nucleus is usually at one side or near one end of 
the cell while the greater mass of the cytoplasm, with its vacuoles and 
granules,  surrounds  the  centrosphere.  This  is  occasionally  much 
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from the centrosphere and its surrounding cytoplasm by an elongated 
narrow stalk.  The nucleus has very little cytoplasm about it and no 
vacuoles or mitochondria. 
In  these  preparations  the  degeneration  granules  are  sometimes 
difficult or impossible to distinguish from the mitochondrial granules. 
Many  of  the  granules,  which  are  found  among  the  vacuoles  and 
around  the  centrosphere  are,  however,  probably  mitochondHal 
granules or small mitochondrial vesicles. 
The mitochondria are usually concentrated about the centrospheres. 
The majority of the cells contain only the small granular type.  Other 
cells Show both the rod and granular forms (Fig. 5), and a few show 
threads,  rods,  and  granules  (Fig.  8).  The  transformation  of  the 
normal thread-like mitochondria into rods and granules usually more 
or less parallels the progressive degenerative changes (vacuolation of 
the cytoplasm and enlargement of the centrosphere), but this is not 
always the case,' and the two processes are more or less independent 
of each other. 
No two cells degenerate in exactly the same manner.  Each cell in 
the culture possesses its own peculiar individual features by which it 
can be distinguished from any other cell, andthe degenerative changes 
tend to emphasize these differences.  In studying a  culture of this 
character we find ourselves dealing with individuals whose peculiari- 
ties  depend  only  partially  upon  environment,  especially in  cases 
where the cells are side by side.  The environment may play an im- 
portant part,  however, in different regions of the same culture, for 
the conditions in the neighborhood of a  cell located at the periphery 
of the growth vary markedly from those surrounding a  cell near the 
explant.  In cells which have approximately the same environment 
as, for instance, where they lie side by side, the individual differences 
between them must be due, for the most part,  to differences of the 
cells themselves, such as the interrelations in size and space and the 
interactions between nucleus, cytoplasm, mitochondria, centriole, etc. 
Relation to Cancer Cell Inclusions. 
The enlarged centrospheres in these degenerating cells are of pecu- 
liar interest because of their similarity to certain of the cytoplasmic 
inclusions  of  cancer  cells  (Plimmer's  bodies,  bird's  eye inclusions, 
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20 years ago and more these peculiar bodies found in cancer cells  attracted 
much attention because of the claim by Plimmer and others that they were the 
cancer parasites.  Plimmer found these bodies in 1,130 out of 1,278 cases.  Pre- 
viously, Pianese had stated his belief that the cancer cell inclusions were due to 
secretions.  Later  Borrel advanced the theory that  these  peculiar  cytoplasmic 
inclusions  were similar  to the  centrosomes of normal cells.  His  attention was 
attracted by the similarity of the centrosome apparatus of the spermatocytes of 
the guinea pig to the structures in the cancer cells; and he considered the cancer 
cell inclusions as typical centrospheres.  LeCount states:  1 " The points of slrnilarity 
between these bodies and the archoplasmic structures of normal cells,  a likeness 
that had been indicated by Borrel, lead me to stop further search in the regional 
metastatic  growths  for  this  'cancer  parasite.'  The  analogies  are  not  simply 
those  of morphology and  position,  but  also  of aff-mity for  dyes."  LeCount's 
description  of the  cancer  bodies  can be applied  almost verbatim  to  the  giant 
centrospheres  in  our  cultures.  There  are  certain minor  differences,  as  can  be 
seen by comparing figures,  but the essentials  are similar.  This is likewise  true 
with the figures of Borrel, of Pianese, and of Greenough.  Concerning Plimmer's 
bodies,  the  last  mentioned  author  concludes  that  "their  appearance,  staining 
reactions, and situation in the cell, are such as to justify the hypothesis that they 
are the result of the secretory activity of the epithelial cell." 
Many of the  "Vaccinek~rperscken," as figured by Htickel,  seem to be typical 
centrospheres,  often with  medullary and  cortical zones and with  or without a 
centriole. 
It  is  well  known  that  cancer  cells  are  subject  to  degenerative 
changes such as occur in other tissues,  and if it is true, as I  believe, 
that the enlarged centrosphere in the mesenchyme cells of the present 
cultures is  one  of the  expressions  of cell  degeneration,  it is not sur- 
prising  that  similar  bodies  occur  in  both  types  of  cells.  The  fact 
that an enlargement of the centrosphere occurs in the degeneration of 
embryonic cells suggests that the appearance of similar centrospheres 
in  cancer  is  an  indication  that  cancer  cells  are  likewise  embryonic 
i~ character and might be used in support of the theory that cancers 
arise from embryonal  rests. 
In  cancer we  are  dealing  with  epithelial  cells  and  it is  somewhat 
surprising,  at first glance,  to find such an important phenomenon  as 
the enlargement of the centrosphere common to such different types 
of  cells  as  epithelium  and  embryonic  mesenchyme.  It  is  probable 
that the fundamental metabolic processes and the mechanism for them 
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are  essentially similar.  If my interpretation of Hiickel's figures is 
correct,  the enlargement of the centrosphere in degeneration is not 
confined to cancer or to embryonic cells  and may be looked for in 
other pathological conditions of the body tissues.  The fact that it 
occurs in  the  cells  of tissue  cultures where,  to  a  certain extent at 
least,  we  can  control the environment, brings within the realm  of 
experimental solution the factors which cause  this  condition.  The 
cultures in which it has been found were made in the usual manner 
and  the  factors  involved in  producing  this  type  of  degeneration, 
with an especially large and well defined centrosphere, are not known. 
All the cells in all the cultures, unless they are washed repeatedly in 
fresh media, degenerate and die in from 2  to  15 days, and it is not 
uncommon  to  find  giant  centrospheres  in  degenerating  cultures 
regardless of the age of the culture. 
The Centrosphere. 
We are safe in assuming that these cells  with vacuoles,  granules, 
and enlarged centrospheres are not normal, and since they die sooner 
than the more normal cells,  these changes may be looked upon as 
degeneration changes.  The enlargement of the centrosphere is prob- 
ably an active response to the peculiar environment of the cell.  The 
factors  concerned have not been  analyzed but it  will probably be 
possible  to  do  so  experimentally.  The  analogy between  this  par- 
ticular enlargement of the centrosphere and that characteristic of cell 
division is suggestive, in that the causal factors are probably identical 
or nearly so.  In the normal tissue cell division results and the meta- 
bolic balance is restored; in the abnormal cells other factors prevent 
this  and  death  results.  Embryonic  cells  are  repeatedly  passing 
through a cycle of growth and division determined by the metabolic 
processes which take place within the cell.  The enlargement of the 
centrosphere is one phase of this. 
The  material  composing  the  centrosphere  gathers  about  the 
centriole as though the latter were the dynamic center of the cell, as 
suggested by Boveri.  The origin of this material is uncertain.  In 
the larger centrospheres it looks and behaves differently from the rest 
of  the  cytoplasm.  Whether  it  is  chemically or  physically altered 
cytoplasm or a  concentration of the so called archopl~sm or altered 
archoplasmic material remains to be determined. 290  TXSSU'E  CULTU'P.~S 
SUMMARY. 
1.  Degenerating mesenchyme cells in tissue cultures cultivated in 
various  modifications  of Locke's  solution  often  have  giant  centro- 
spheres. 
2.  These  giant  centrospheres  develop  gradually  around  the  cen- 
triole  and  in  their  most  complete  condition  consist  of  centriole, 
medullary zone, and cortical zone. 
3.  Preceding the  appearance  of the  centrosphere the  centriole is 
surrounded by degeneration granules or granules and vacuoles, and 
as the centrosphere develops these are forced first to the periphery of 
the medullary zone and later, when it develops, to the periphery of the 
cortical zone. 
4.  The  mitochondria  become orientated  about  the centriole and 
centrosphere, at first more or less radially, later concentrically.  They 
change from threads to rods and granules. 
5.  The  giant  centrospheres and  cancer cell inclusions  (PHmraer's 
bodies, etc.)  are identical. 
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EXPLANATION OF  PLATES. 
PLATE 16. 
Figs. 3 and 4 have been retouched. 
FIG.  1. Vacuolar type of degeneration in mesenchyme cells.  3  day culture 
from the leg of a  7 day chick embryo.  Culture 406.  Zenker's fluid,  without 
acetic acid, was used for fixation, iron-hematoxylin for staining.  ×  1,250. 
FIo.  2.  Concentration of the archoplasm (?) about a  small centrosphere with 
a  centriole in mesothelial-like cells  of a  5  day culture from the  leg  of  an  11 
day chick embryo.  Culture 440.  Zenker's fluid,  without acetic acid, was used 
for fixation, iron-hematoxylin for staining.  X 550. 
FIo. 3.  Mesenchyme  cell  with  a  large  centrosphere  showing  cortical  and 
medullary zones; no centriole.  Mitochondria--more or less radial threads, rods, 
and granules--are shown.  A few vacuoles may be seen about the centrosphere. 
3 day culture of mesenchyme from a large blood vessel of a 6 day chick embryo. 
Culture 441.  Zenker's fluid,  without acetic acid,  was used  for fixation,  iron- 
hematoxylin for st~ning.  ×  1,250. 
FIG. 4.  Mesenchyme cells from the same culture (No. 441').  The cell on the 
left has a  large centrosphere showing cortical and medullary zones; no centriole; 
mitochondria,  rods  and  granules  about  the  centrosphere; vacuoles few.  The 
cell on the right has a large irregular centrosphere of cortical substance only and 
somewhat  vacuolated.  It  is  surrounded  by  mitochondrik  and  vacuoles.  × 
1,250. 
PLATE 17. 
Figs. 5 to 8 have been retouched. 
Fro. 5.  Mesenchyme cells from Culture 444, 2 day culture from the leg of an 
8 day chick embryo.  The lower cell shows a large oval centrosphere with sharp 
outline containing vacuoles and granules; mitochondria--short threads and rods-- 
more or less concentric; very few vacuoles.  The upper cell shows a similar but 
smaller centrosphere  surrounded  by mitochondrial granules  and  few vacuoles. 
These centrospheres seem to consist of cortical substance only.  Zenker's fluid, 
without acetic acid, plus a few drops of 2 per cent osmic acid was used for fixa- 
tion, iron-hematoxylin and Bordeaux R  for staining.  X 1,250. 
FIG. 6.  Mesenchyme cells  from Culture 444.  The lower cell  shows  a  large, 
well defined  centrosphere:  It appears to have a medullary zone surrounded by 
granules and a large cortical zone.  Mitochondrial rods anti granules surround the 
centrosphere.  In the upper cell the nucleus is separated by a long, slender stalk 
from the body of the cell, in which is seen the centrosphere surrounded by mito- 
chondrial  granules and a  few vacuoles.  The centrosphere seems to consist of 
cortical substance only.  X 1,250. 292  TISSUE  CULTURES 
FIo.  7.  Mesenchyme  cells  from  Culture  444.  The upper  cell  shows  a  large 
centrosphere.  The  medullary  zone with  a  centriole  surrounded  by granules  is 
seen.  The cortical zone contains scattered granules and is surrounded by granu- 
lar mitochondria and vacuoles.  The lower cell is smaller  and  contains  a smaller 
nudeus and smaller  centrosphere.  X  1,250. 
Fro.  8.  Mesenchyme  cell  from  Culture  444.  The  large  centrosphere  shows 
many vacuoles and granules; no medullary zone or centriole.  The mitochondrial 
threads,  rods, and granules are more scattered  than usual.  X  1,250. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXXl.  PLATE 16. 
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